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(54) Polymer composites comprising antiferroelectric particles and methods of making the same

(57) A composition comprises a modified polymeric
material and a ceramic antiferroelectric particle. The
modified polymeric material comprises a thermoplastic
polymer or thermosetting polymer; and a second poly-
mer. The composition has a permittivity greater than or
equal to 10. A method of making a composition comprises

combining a thermoplastic polymer or thermosetting pol-
ymer with a second polymer to form a modified polymeric
material; and combining the modified polymeric material
with anti ferroelectric particles to form a composite com-
position; wherein the composition has a permittivity
greater than or equal to about 10.
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Description

FIELD OF THE INVENTION

�[0001] The invention includes embodiments that relate
to a high temperature polymer composite. The invention
includes embodiments that relate to a method of making
a high temperature composite and articles comprising
the same.

BACKGROUND OF THE INVENTION

�[0002] It is desirable in commercial applications and
devices, such as thin film capacitors, to have a high
breakdown voltage and corona resistance. This is par-
ticularly the case in high energy density power conver-
sion applications wherein the capacitor must withstand
the high voltage and high temperature environments
such as motors and generators. In the electronics indus-
try, it is also desirable to have a suitable high dielectric
constant, namely high permittivity, material that satisfies
the electrical, reliability, and processing requirements for
incorporating capacitors into a printed wiring board. Ac-
cordingly, in the electronics industry, as well as in the
automotive industry, there is a need for new polymeric
composites having a high dielectric constant and a high
breakdown strength as well as good mechanical strength
and processability.
�[0003] It is therefore desirable to have a composition
that combines a high dielectric constant and a high break-
down strength as well as improved material processabil-
ity and mechanical properties over currently existing high
dielectric constant composites.

BRIEF SUMMARY OF THE INVENTION

�[0004] In one embodiment a composition comprises a
modified polymeric material and a ceramic antiferroelec-
tric particle. The modified polymeric material comprises
a high temperature polymer; and a second polymer, and
the composition has a permittivity greater than or equal
to about 10.
�[0005] In another embodiment, a method of making a
composition comprises combining a high temperature
polymer with a second polymer to form a modified poly-
meric material. The modified polymeric material is com-
bined with antiferroelectric particles to form a composite
composition, wherein the composition has a permittivity
greater than or equal to about 10.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0006]

FIG. 1 is a graph illustrating the increase in dielectric
constant as a function of the amount of different na-
nosized ferroelectric particles incorporated into a
polymeric material.

FIG. 2 shows electric field aligned antiferroelectric
particles.

FIG. 3 is a graph illustrating the increase of dielectric
constant as a function of the amount of nanosized
ferroelectric particles incorporated into a polymeric
material, as well as the effect of the permittivity of
the polymeric material on such increase.

FIG. 4 illustrates the complex dielectric behaviors of
cyanoethyl pullulan films filled with antiferroelectric
particles.

DETAILED DESCRIPTION OF THE INVENTION

�[0007] Disclosed herein are compositions comprising
a modified polymeric material and ceramic antiferroelec-
tric particles. The compositions have high dielectric con-
stant, high energy density, flexibility, and extrudability for
subsequent film forming processes.
�[0008] The ceramic antiferroelectric particles can be
converted to ferroelectric particles upon the application
of an activating field. In one embodiment, the activating
field can comprise a biasing electrical field. In another
embodiment, the activating field can comprise a biasing
electric field that is applied in the presence of a source
of thermal energy, such as, for example, an oven. Thus,
the antiferroelectric particles are field- �tunable, nonlinear
dielectric particles that can undergo a phase transition
from a low dielectric state (antiferroelectric state) to a
high dielectric state (ferroelectric state) � upon being ex-
posed to a biasing electric field. These advantageous
properties of the antiferroelectric particles permit the
composition to be field tunable. Field tunable composi-
tions can advantageously have their dielectric properties
adjusted upon demand depending upon the application
for which they are to be used.
�[0009] The ferroelectric effect is an electrical phenom-
enon whereby certain ionic crystals may exhibit a spon-
taneous dipole moment. There are two main types of
ferroelectrics, displacive and order- �disorder. For exam-
ple, the effect in barium titanate (BT) and strontium titan-
ate (ST), is of the displacive type and is due to a polari-
zation catastrophe, in which, if an ion is displaced from
equilibrium slightly, the force from the local electric fields
due to the ions in the crystal increases faster than the
elastic restoring forces. This leads to an asymmetrical
shift in the equilibrium ion positions and hence to a per-
manent dipole moment. In an order-�disorder ferroelec-
tric, there is a dipole moment in each unit cell, but at high
temperatures they are pointing in random directions. Up-
on lowering the temperature and going through the phase
transition, the dipoles order, all pointing in the same di-
rection within a domain.
�[0010] As a result of the aforementioned ordering that
occurs in ferroelectric materials, these materials have a
high dielectric constant of greater than or equal to about
1000. In an antiferroelectric transition individual dipoles
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become arranged anti- �parallel to adjacent dipoles with
the result that the net spontaneous polarization is zero.
Thus materials in their antiferroelectric states generally
have a lower dielectric constant of about 100 to about
1000. The antiferroelectric particles can exist in the form
of nanoparticles or micrometer sized particles. These an-
tiferroelectric particles generally have a dielectric con-
stant that is similar to or moderately higher than the die-
lectric constant of the modified polymeric material. This
permits a higher electric field penetration into the parti-
cles when compared with ferroelectric particles.
�[0011] As noted above, the antiferroelectric particles
intrinsically undergo a phase transition from being antif-
erroelectric to ferroelectric upon the application of an
electric field. The antiferroelectric particles upon being
dispersed in the modified polymeric material can be trig-
gered to undergo a phase transition from the antiferroe-
lectric state to the ferroelectric state upon the application
of an electrical field of less than or equal to about 100
kilovolts/�millimeter. As a result, the dielectric constant of
the modified polymeric composite would be increased by
an amount of greater than or equal to about 300% when
compared with a modified polymeric material that does
not contain the antiferroelectric particles.
�[0012] The antiferroelectric particles can be advanta-
geously dispersed in the modified polymeric material in
order to increase the dielectric constant of the composi-
tion. The well-�dispersed particles within the modified pol-
ymeric material provide improved properties over a mod-
ified polymeric material that does not contain the antifer-
roelectric particles. These improved properties include a
higher dielectric constant, higher energy densities, good
breakdown strength, corona resistance, improved impact
strength and mechanical hardness, as well as improved
ease of processing for soft polymers and a Class A sur-
face finish.
�[0013] Fig. 1 displays the effect the high dielectric con-
stant ceramic particles have on the dielectric constant of
the composition. As the volume percent of the ferroelec-
tric particles in the composition is increased, the dielectric
constant of the composition is increased. As shown in
Fig. 1, BaTiO3 particles having a dielectric constant of
3000, and SrTiO3 particles having a dielectric constant
of 300, each have the ability to increase the dielectric
constant of a polymer in a similar manner, particularly at
higher loading levels.
�[0014] In one embodiment, the composition has a
breakdown strength of greater than or equal to about 200
kilovolts/�millimeter. The composition advantageously
has an energy density of greater than or equal to about
1 J/cm3 to greater than or equal to about 10 J/cm3. In
addition, with the use of the biasing electric field, the di-
electric constant of the composition can be increased by
up to one order of magnitude depending upon the amount
of the ceramic antiferroelectric particles in the composi-
tion. For example, a poly�(vinylidene-�fluoride-�co- �hex-
afluoropropylene) (PVDF-�HFP) film with 30 volume %
nPZ displayed a significant increase in dielectric constant

when exposed to an electric field. The dielectric constant
was derived from a polarization loop measurement indi-
cating a strong increase of from ∼25 at 5 kV/mm to ∼90
at 160 kV/mm.
�[0015] The modified polymeric material comprises a
high temperature, high dielectric constant polymer blend-
ed with a ductile second polymer. The modified polymeric
material provides a matrix for nonlinear fillers such as
antiferroelectric particles. The high temperature polymer
may be selected from a wide variety of thermoplastic pol-
ymers, thermosetting polymers, blends of thermoplastic
polymers, blends of thermosetting polymers, or blends
of thermoplastic polymers with thermosetting polymers.
The high temperature polymer can comprise a homopol-
ymer, a copolymer such as a star block copolymer, a
graft copolymer, an alternating block copolymer or a ran-
dom copolymer, ionomer, dendrimer, or a combination
comprising at least one of the foregoing. The high tem-
perature polymer may also be a blend of polymers, co-
polymers, or the like, or a combination comprising at least
one of the foregoing.
�[0016] Examples of high temperature thermoplastic
polymers that can be used in the modified polymeric ma-
terial include polyacetals, polyacrylics, polycarbonates,
polyalkyds, polystyrenes, polyolefins, polyesters, polya-
mides, polyaramides, polyamideimides, polyarylates,
polyurethanes, epoxies, phenolics, silicones, polyaryl-
sulfones, polyethersulfones, polyphenylene sulfides,
polysulfones, polyimides, polyetherimides, poly-
tetrafluoroethylenes, polyetherketones, polyether ether-
ketones, polyether ketone ketones, polybenzoxazoles,
polyoxadiazoles, polybenzothiazinophenothiazines,
polybenzothiazoles, polypyrazinoquinoxalines, polypy-
romellitimides, polyquinoxalines, polybenzimidazoles,
polyoxindoles, polyoxoisoindolines, polydioxoisoindo-
lines, polytriazines, polypyridazines, polypiperazines,
polypyridines, polypiperidines, polytriazoles, polypyra-
zoles, polycarboranes, polyoxabicyclononanes, poly-
dibenzofurans, polyphthalides, polyacetals, polyanhy-
drides, polyvinyl ethers, polyvinyl thioethers, polyvinyl
ketones, polyvinyl halides, polyvinyl nitriles, polyvinyl es-
ters, polysulfonates, polysulfides, polythioesters,
polysulfones, polysulfonamides, polyureas, polyphosp-
hazenes, polysilazanes, polypropylenes, polyethylene
terephthalates, polyvinylidene fluorides, polysiloxanes,
polyphenylene ether, cyanoethyl cellulose, cellulose tria-
cetate, or the like, or a combination comprising at least
one of the foregoing thermoplastic polymers.
�[0017] Exemplary high temperature thermoplastic pol-
ymers include polyetherimide, polyvinylidene fluoride,
polyvinylidine fluoride- �trifluoroethylene P�(VDF- �TrFE),
polyvinylidene-�tetrafluoroethylene copolymers P�(VDF-
TFE), and polyvinylidine hexafluoropropylene copoly-
mers P�(VDF- �HFP), epoxy, polyester, polyimide, polyar-
ylate, polyphenylsulfone, polystyrene, polyethersulfone,
polyamideimide, polyurethane, polycarbonate, poly-
etheretherketone, polyphenylene ether, cyanoethyl cel-
lulose, cellulose triacetate, or the like, or a combination
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comprising at least one of the foregoing.
�[0018] Examples of blends of thermoplastic polymers
include acrylonitrile-�butadiene-�styrene/ �nylon, polycar-
bonate/�acrylonitrile-�butadiene- �styrene, polyphenylene
ether/ �polystyrene, polyphenylene ether/�polyamide, poly-
carbonate/�polyester, polyphenylene ether/ �polyolefin,
cellulosic cyanoresin/ �cellulose triacetate, cyanoethyl
pullulan/ polyvinylidine fluoride or the like, or a combina-
tion comprising at least one of the foregoing. In a pre-
ferred embodiment, the high temperature polymer is a
cellulosic cyanoresin.
�[0019] Examples of high temperature thermosetting
polymers that can be used in the modified polymeric ma-
terial are resins of epoxy/ �amine, epoxy/�anhydride, iso-
cyanate/�amine, isocyanate/�alcohol, unsaturated polyes-
ters, vinyl esters, unsaturated polyester and vinyl ester
blends, unsaturated polyester/�urethane hybrid resins,
polyurethane-�ureas, thermosetting polyphenylene ether,
silicone, fluorosilicone, benzimidazoles, cyanate esters,
bismaleimides, reactive dicyclopentadiene resin, reac-
tive polyamides, or the like, or a combination comprising
at least one of the foregoing.
�[0020] In one embodiment, suitable high temperature
thermosetting polymers include thermosetting polymers
that can be made from an energy activatable thermoset-
ting pre-�polymer composition. Examples include poly-
urethanes such as urethane polyesters, silicone poly-
mers, phenolic polymers, amino polymers, epoxy poly-
mers, bismaleimides, polyimides, and furan polymers.
The energy activatable thermosetting pre-�polymer com-
ponent can comprise a polymer precursor and a curing
agent. The polymer precursor can be heat activated,
eliminating the need for a catalyst. The curing agent se-
lected will not only determine the type of energy source
needed to form the thermosetting polymer, but may also
influence the resulting properties of the thermosetting
polymer. Examples of curing agents include aliphatic
amines, aromatic amines, acid anhydrides, peroxides,
lewis acids or the like, or a combination comprising at
least one of the foregoing. The energy activatable ther-
mosetting pre- �polymer composition may include a sol-
vent or processing aid to lower the viscosity of the com-
position for ease of extrusion including higher through-
puts and lower temperatures. The solvent could help re-
tard the crosslinking reaction and could partially or totally
evaporate during or after polymerization. The solvent
could also act as a reactive diluent, acting as a viscosity
aid before cure and reacting into the final polymer during
the curing process.
�[0021] In one embodiment, the high temperature pol-
ymer is present in an amount of about 10 weight percent
to about 99 weight percent of the total weight of the mod-
ified polymeric material. In another embodiment, the high
temperature polymer is present in an amount of about
50 weight percent to about 99 weight percent of the total
weight of the modified polymeric material. In another em-
bodiment, the high temperature polymer is present in an
amount of about 80 weight percent to about 99 weight

percent of the total weight of the modified polymeric ma-
terial.
�[0022] It is desirable for the high temperature polymer
to have a glass transition or softening temperature of
greater than or equal to about 120°C. In one embodiment,
it is desirable for the high temperature polymer to have
a glass transition or softening temperature of greater than
or equal to about 150°C. In another embodiment, it is
desirable for the high temperature polymer to have a
glass transition or softening temperature of greater than
or equal to about 200°C. In yet another embodiment, it
is desirable for the high temperature polymer to have a
glass transition or softening temperature of greater than
or equal to about 260°C.
�[0023] It is also desirable for the high temperature pol-
ymer to have a permittivity of greater than or equal to
about 4. In one embodiment, it is desirable for the high
temperature polymer to have a permittivity of greater than
or equal to about 7. In another embodiment, it is desirable
for the high temperature polymer to have a permittivity
of greater than or equal to about 10. In yet another em-
bodiment, it is desirable for the high temperature polymer
to have a permittivity of greater than or equal to about
15. In yet another embodiment, it is desirable for the high
temperature polymer to have a permittivity of greater than
or equal to about 20.
�[0024] The ductile second polymer may be selected
from a wide variety of thermoplastic polymers, thermo-
setting polymers, blends of thermoplastic polymers,
blends of thermosetting polymers, or blends of thermo-
plastic polymers with thermosetting polymers. The duc-
tile polymer can comprise a homopolymer, a copolymer
such as a star block copolymer, a graft copolymer, an
alternating block copolymer or a random copolymer, ion-
omer, dendrimer, or a combination comprising at least
one of the foregoing. The ductile polymer may also be a
blend of polymers, copolymers, terpolymers, or the like,
or a combination comprising at least one of the foregoing.
�[0025] Examples of ductile thermoplastic polymers
that can be used in the modified polymeric material in-
clude cellulose triacetate, polyimide, polyetherimide,
polycarbonate, polyphenylene sulfide, polyetheretherke-
tone, polyester, and polyphenylene ether or the like, or
a combination comprising at least one of the foregoing
thermoplastic polymers. In a preferred embodiment, the
ductile polymer is cellulose triacetate.
�[0026] Examples of blends of ductile thermoplastic pol-
ymers include polyethylene- �cyanoethyl cellulose, or the
like, or a combination comprising at least one of the fore-
going.
�[0027] Examples of ductile thermosetting polymers
that can be used in the modified polymeric material are
resins of fluorsosilicone or the like, or a combination com-
prising at least one of the foregoing.
�[0028] In one embodiment, suitable ductile thermoset-
ting polymers include thermosetting polymers that can
be made from an energy activatable thermosetting pre-
polymer composition. Examples include polyurethanes
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such as urethane polyesters, silicone polymers, phenolic
polymers, amino polymers, epoxy polymers, bismaleim-
ides, polyimides, and furan polymers. The energy acti-
vatable thermosetting pre- �polymer component can com-
prise a polymer precursor and a curing agent. The poly-
mer precursor can be heat activatable, eliminating the
need for a catalyst. The curing agent selected will not
only determine the type of energy source needed to form
the thermosetting polymer, but may also influence the
resulting properties of the thermosetting polymer. Exam-
ples of curing agents include aliphatic amines, aromatic
amines, acid anhydrides, or the like, or a combination
comprising at least one of the foregoing. The energy ac-
tivatable thermosetting pre-�polymer composition may in-
clude a solvent or processing aid to lower the viscosity
of the composition for ease of extrusion including higher
throughputs and lower temperatures. The solvent could
help retard the crosslinking reaction and could partially
or totally evaporate during or after polymerization.
�[0029] In one embodiment, the ductile polymer is
present in an amount of about 1 to about 90 weight % of
the total weight of the modified polymeric material. In
another embodiment, the ductile polymer is present in
an amount of about 1 weight % to about 50 weight % of
the total weight of the modified polymeric material. In
another embodiment, the ductile polymer is present in
an amount of about 1 weight % to about 20 weight % of
the total weight of the modified polymeric material.
�[0030] The tensile strength of the ductile polymer is
one measure of the flexibility and ductility of the polymer.
It is desirable for the ductile polymer to have a tensile
strength of greater than or equal to about 2,000 psi. In
another embodiment, the ductile polymer has a tensile
strength greater than or equal to about 4,000 psi. In an-
other embodiment, the ductile polymer has a tensile
strength greater than or equal to about 6,000 psi. In yet
another embodiment, the ductile polymer has a tensile
strength greater than or equal to about 8,000 psi.
�[0031] The elongation of the ductile polymer is prefer-
ably greater than or equal to about 2%. In one embodi-
ment, the elongation of the ductile polymer is greater than
or equal to about 4. In another embodiment, the elonga-
tion of the ductile polymer is greater than or equal to
about 6. In yet another embodiment, the elongation of
the ductile polymer is greater than or equal to about 10.
�[0032] The high temperature polymer may be com-
bined with the ductile polymer by any method known to
those having skill in the art including, but not limited to
grafting, or blending such as solvent blending or melt
blending, or a combination thereof.
�[0033] The modified polymeric material formed from
the high temperature polymer and ductile polymer pref-
erably has a glass transition temperature of greater than
or equal to about 100°C. In one embodiment, it is desir-
able for the modified polymeric material to have a glass
transition temperature of greater than or equal to about
120°C. In another embodiment, it is desirable for modified
polymeric material to have a glass transition temperature

of greater than or equal to about 150°C. In yet another
embodiment, it is desirable for the modified polymeric
material to have a glass transition temperature of greater
than or equal to about 180°C. In yet another embodiment,
it is desirable for the modified polymeric material to have
a glass transition temperature of greater than or equal to
about 200°C.
�[0034] It is also desirable for the modified polymeric
material to have a dielectric constant of greater than or
equal to about 3. In one embodiment, it is desirable for
the modified polymeric material to have a dielectric con-
stant of greater than or equal to about 5. In another em-
bodiment, it is desirable for the modified polymeric ma-
terial to have a dielectric constant of greater than or equal
to about 7. In yet another embodiment, it is desirable for
the modified polymeric material to have a dielectric con-
stant of greater than or equal to about 10. In yet another
embodiment, it is desirable for the composition to have
a dielectric constant of greater than or equal to about 15.
�[0035] The tensile strength of the modified polymeric
material is one measure of the flexibility and ductility of
the material. It is desirable for the modified polymeric
material to have a tensile strength of greater than or equal
to about 2,000 psi. In another embodiment, the modified
polymeric material has a tensile strength greater than or
equal to about 4,000 psi. In another embodiment, the
modified polymeric material has a tensile strength greater
than or equal to about 6,000 psi. In yet another embod-
iment, the modified polymeric material has a tensile
strength greater than or equal to about 8,000 psi. The
modified polymeric material has a ductility that is equal
to or higher than the ductility of the high temperature pol-
ymer.
�[0036] The elongation of the modified polymeric ma-
terial is preferably greater than or equal to about 3%. In
one embodiment, the elongation of the modified polymer-
ic material is greater than or equal to about 5%. In another
embodiment, the elongation of the modified polymeric
material is greater than or equal to about 7%. In yet an-
other embodiment, the elongation of the modified poly-
meric material is greater than or equal to about 10%.
�[0037] In one embodiment, the modified polymeric ma-
terial is present in an amount of about 5 to about 99.999
weight % of the total weight of the composition. In another
embodiment, the modified polymeric material is present
in an amount of about 10 weight % to about 99.99 weight
% of the total weight of the composition. In another em-
bodiment, the modified polymeric material is present in
an amount of about 30 weight % to about 99.5 weight %
of the total weight of the composition. In another embod-
iment, the modified polymeric material is present in an
amount of about 50 weight % to about 99.3 weight % of
the total weight of the composition.
�[0038] The antiferroelectric particles are generally be-
tween their antiferroelectric and ferroelectric state prior
to incorporating them into the composition. It is generally
desirable for the antiferroelectric particles in the antifer-
roelectric state to have a dielectric constant that is as
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close as possible to the dielectric constant of the modified
polymeric material. In one embodiment, the antiferroe-
lectric particles (in the antiferroelectric state) have a di-
electric constant whose value is within 10% of the value
of the dielectric constant of the modified polymeric ma-
terial. In another embodiment, the antiferroelectric parti-
cles (in the antiferroelectric state) have a dielectric con-
stant whose value is within 50% of the value of the die-
lectric constant of the modified polymeric material. In yet
another embodiment, the antiferroelectric particles (in
the antiferroelectric state) have a dielectric constant
whose value is within 100% of the value of the dielectric
constant of the modified polymeric material. In yet anoth-
er embodiment, the antiferroelectric particles (in the an-
tiferroelectric state) have a dielectric constant whose val-
ue is within 500% of the value of the dielectric constant
of the modified polymeric material. Examples of antifer-
roelectric particles are those derived from perovskite.
�[0039] In one embodiment, the antiferroelectric parti-
cle is one that has the formula (I) Pb�(M1, M2, M3, ... )�O3
(I) where M1, M2, M3, are transition metals or rare earth
metals. Examples of transition metals are those present
in groups 3d, 4d and 5d of the periodic table, such as, of
example, scandium, iron, titanium chromium, zirconium,
or the like, or a combination comprising at least one of
the foregoing transition metals. Examples of rare earth
metals are lanthanum, cerium, neodymium, gadolinium,
samarium, or the like, or a combination comprising at
least one of the foregoing rare earth metals.
�[0040] An example of an antiferroelectric particle is one
that comprises lead zirconium titanate (PZT) shown in
the formula (II) below: Pb�(ZrxTi1-x)�O3 (III) where x is less
than or equal to about 1. In one embodiment, x can have
a value of about 0.3 to about 1. In another embodiment,
x can have a value of about 0.6 to about 1. In yet another
embodiment, x can have a value of about 0.9 to about 1.
The PZT antiferroelectric particles exist in the form of a
solid solution that spans a wide compositional space and,
consequently, a wide range of dielectric properties. The
phase boundaries and electrical properties of PZT can
also be further modified by doping. For example, substi-
tution of La3+ for Pb2+ can lead to ferroelectric particles
with a dielectric constant up to 7000 that can be converted
into antiferroelectric particles. Examples of PZT and PZT
derivatives include PbHfO3, PbZrO3, modified Pb �(ZrTi)
O3, PbLa�(ZrSnTi) �O3, PbNb�(ZrSnTi) �O3, or the like, or a
combination comprising at least one of the foregoing an-
tiferroelectric particles. An exemplary antiferroelectric
particle is lead zirconate (PbZrO3).
�[0041] Another example of an antiferroelectric particle
is one that comprises lead lanthanum zirconium titanates
(PLZT) in formula (III): Pb1-xLax�(ZryTi1-y)1-x/ �4O3 (III)
where x and y can each have a value of up to 1 respec-
tively and wherein x and y are independent of each other.
In one embodiment, x can have a value of about 0.1 to
about 0.3, while y can have a value of about 0.8 to about 1.
�[0042] Yet another example of an antiferroelectric par-
ticle is one that comprises lead scandium niobates (PSN)

in formula (IV) or lead scandium tantalate (PST) in for-
mula (V): PbScxNb1-yO3 (IV) PbScxTa1-xO3 (V).
�[0043] Other antiferroelectric particles are PbSc1/2
Nb1/2O3-- �PbLu1/2Nb1/2O3, SrTiO3-- �PbZrO3, lead scan-
dium niobium titanate (PSNT) and lead lutetium niobium
titanate (PLuNT).
�[0044] In another embodiment, the antiferroelectric
particles are lead- �free. Examples of antiferroelectric par-
ticles include NaNbO3, (K,�Na)�(Nb, �Ta) �O3, KNbO3,
BaZrO3,
�[0045] Na0.25K0.25BiO0.5TiO3, Ag �(Ta, �Nb)�O3 and Na0.5
Bi0.5TiO3-- �K0.5Bi0.5TiO3-- �BaTiO3 or the like, or a combi-
nation comprising at least one of the foregoing lead-�free
antiferroelectric particles.
�[0046] As noted above, the particles can undergo a
phase transition from a low dielectric constant (antiferro-
electric state) to a high dielectric constant (ferroelectric
state) when subjected to an electrical biasing field. In one
embodiment, the antiferroelectric particles can undergo
a phase transition from an antiferroelectric (low dielectric
constant) state to a ferroelectric (high dielectric constant)
state when subjected to an electrical biasing field of great-
er than or equal to about 4 kilovolts/�millimeter (kV/mm).
In one embodiment, the antiferroelectric particles can un-
dergo a phase transition from an antiferroelectric (low
dielectric constant) state to a ferroelectric (high dielectric
constant) state when subjected to an electrical biasing
field of greater than or equal to about 60 kilovolts/�millim-
eter (kV/mm). In yet another embodiment, the antiferro-
electric particles that can undergo a phase transition from
an antiferroelectric (low dielectric constant) state to a fer-
roelectric (high dielectric constant) state when subjected
to an electrical biasing field of greater than or equal to
about 200 kilovolts/�millimeter (kV/mm).
�[0047] In one embodiment, the dielectric constant of
the composition increases by greater than or equal to
50% upon the phase transition. In another embodiment,
the dielectric constant of the composition increases by
greater than or equal to 100% upon the phase transition.
In another embodiment, the dielectric constant of the
composition increases by greater than or equal to 500%
upon the phase transition.
�[0048] As noted above, the antiferroelectric particles
can have particle sizes in the nanometer range (10-9 me-
ter range) or micrometer range (10-6 meter range). In one
embodiment, the antiferroelectric particles have particle
sizes of about 5 nanometers to about 10 micrometers.
In another embodiment, the antiferroelectric particles
have particle sizes of about 10 nanometers to about 1
micrometer. In another embodiment, the antiferroelectric
particles have particle sizes of about 20 nanometers to
about 500 nanometers. In yet another embodiment, the
antiferroelectric particles have particle sizes of about 40
nanometers to about 200 nanometers.
�[0049] In one embodiment, the particles can be surface
treated to facilitate bonding with the modified polymeric
material. In one embodiment, the surface treatment com-
prises coating the particles with a silane-�coupling agent,
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or if desired, a phosphonic acid may be used to surface
treat the particles. Examples of suitable silane-�coupling
agents include tetramethylchlorosilane, hexadimethyl-
enedisilazane, gamma-�aminopropoxysilane, or the like,
or a combination comprising at least one of the foregoing
silane coupling agents. The silane-�coupling agents gen-
erally enhance compatibility of the antiferroelectric par-
ticles with the modified polymeric material, and phos-
phonic acid promotes the formation of strong bonds be-
tween the antiferroelectric particles and the coupling
agent. These functionalizing agents can improve disper-
sion of the antiferroelectric particles within the modified
polymeric material.
�[0050] As noted above, the antiferroelectric particles
have at least one dimension in the nanometer or microm-
eter range. It is generally desirable for the antiferroelec-
tric particles to have an average largest dimension that
is less than or equal to about 10 micrometers. The di-
mension may be a diameter, edge of a face, length, or
the like. The antiferroelectric particles may have shapes
whose dimensionalities are defined by integers, e.g., the
antiferroelectric particles are either 1, 2 or 3- �dimensional
in shape. They may also have shapes whose dimension-
alities are not defined by integers (e.g., they may exist in
the form of fractals). The antiferroelectric particles may
exist in the form of spheres, flakes, fibers, whiskers, or
the like, or a combination comprising at least one of the
foregoing forms. The antiferroelectric particles may have
cross-�sectional geometries that may be circular, ellipsoi-
dal, triangular, rectangular, polygonal, or a combination
comprising at least one of the foregoing geometries. The
antiferroelectric particles, as commercially available,
may exist in the form of aggregates or agglomerates prior
to incorporation into the modified polymeric material or
even after incorporation into the polymeric material. An
aggregate comprises more than one particle in physical
contact with one another, while an agglomerate compris-
es more than one aggregate in physical contact with one
another.
�[0051] Regardless of the exact size, shape and com-
position of the antiferroelectric particles, they may be dis-
persed into the modified polymeric material at loadings
of about 0.1 to about 85 wt % of the total weight of the
composition when desired. In one embodiment, the an-
tiferroelectric particles are present in an amount of great-
er than or equal to about 1 wt % of the total weight of the
composition. In another embodiment, the antiferroelec-
tric particles are present in an amount of greater than or
equal to about 10 wt % of the total weight of the compo-
sition. In yet another embodiment, the antiferroelectric
particles are present in an amount of greater than or equal
to about 30 wt % of the total weight of the composition.
In one embodiment, the antiferroelectric particles are
present in an amount of less than or equal to 85 wt % of
the total weight of the composition. In another embodi-
ment, the antiferroelectric particles are present in an
amount of less than or equal to about 70 wt % of the total
weight of the composition. In yet another embodiment,

the antiferroelectric particles are present in an amount
of less than or equal to about 60 wt % of the total weight
of the composition.
�[0052] The modified polymeric material together with
the antiferroelectric particles and any other optionally de-
sired fillers may generally be combined in several differ-
ent ways such as, but not limited to compounding, melt
blending, solution blending, or the like, or a combination
comprising at least one of the foregoing methods. Melt
blending of the composition involves the use of shear
force, extensional force, compressive force, ultrasonic
energy, electromagnetic energy, thermal energy or a
combination comprising at least one of the foregoing forc-
es or forms of energy and is conducted in processing
equipment wherein the aforementioned forces are exert-
ed by a single screw, multiple screws, intermeshing co-
rotating or counter rotating screws, non- �intermeshing co-
rotating or counter rotating screws, reciprocating screws,
screws with pins, barrels with pins, rolls, rams, helical
rotors, or a combination comprising at least one of the
foregoing.
�[0053] Melt blending involving the aforementioned
forces may be conducted in machines such as, but not
limited to, single or multiple screw extruders, Buss knead-
er, Henschel, helicones, Ross mixer, Banbury, roll mills,
molding machines such as injection molding machines,
vacuum forming machines, blow molding machine, or
then like, or a combination comprising at least one of the
foregoing machines. It is generally desirable during melt
or solution blending of the composition to impart a specific
energy of about 0.01 to about 10 kilowatt-�hour/ �kilogram
(kwhr/kg) of the composition. Within this range, a specific
energy of greater than or equal to about 0.05, preferably
greater than or equal to about 0.08, and more preferably
greater than or equal to about 0.09 kwhr/kg is generally
desirable for blending the composition. Also desirable is
an amount of specific energy less than or equal to about
9, preferably less than or equal to about 8, and more
preferably less than or equal to about 7 kwhr/kg for blend-
ing the composition.
�[0054] The particles can be in the antiferroelectric state
or the ferroelectric state prior to the incorporation into the
modified polymeric material. The particles that are in the
ferroelectric state after incorporation into the modified
polymeric material are converted to the antiferroelectric
state prior to use in a particular application. In general,
it is desirable for the particles to be in the antiferroelectric
state prior to use in a particular application. As noted
above, a biasing electric field of less than or equal to
about 100 kilovolts/ �millimeter is generally used to change
the state of the antiferroelectric particles (from the antif-
erroelectric state to the ferroelectric state) that are incor-
porated into the polymers. This biasing electric field can
be accompanied by the application of heat to the sample.
Heat may be applied in the form of convection, conduc-
tion or radiation to the sample during the application of
a biasing electrical field.
�[0055] In one embodiment, the modified polymeric ma-
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terial in powder form, pellet form, sheet form, or the like,
may be first dry blended with the antiferroelectric particles
and other optional fillers if desired in a Henschel or a roll
mill, prior to being fed into a melt blending device such
as an extruder or Buss kneader. In another embodiment,
the antiferroelectric particles are introduced into the melt
blending device in the form of a masterbatch. In such a
process, the masterbatch may be introduced into the melt
blending device downstream of the modified polymeric
material.
�[0056] When a masterbatch is used, the antiferroelec-
tric particles may be present in the masterbatch in an
amount of about 10 to about 85 wt %, of the total weight
of the masterbatch. In one embodiment, the antiferroe-
lectric particles are used in an amount of greater than or
equal to about 30 wt % of the total weight of the master-
batch. In another embodiment, the antiferroelectric par-
ticles are used in an amount of greater or equal to about
40 wt %, of the total weight of the masterbatch. In another
embodiment, the antiferroelectric particles are used in
an amount of greater than or equal to about 45 wt %, of
the total weight of the masterbatch. In one embodiment,
the antiferroelectric particles are used in an amount of
less than or equal to about 85 wt %, of the total weight
of the masterbatch. In another embodiment, the antifer-
roelectric particles are used in an amount of less than or
equal to about 75 wt %, of the total weight of the master-
batch. In another embodiment, the antiferroelectric par-
ticles are used in an amount of less than or equal to about
65 wt %, of the total weight of the masterbatch.
�[0057] The composition comprising the modified poly-
meric material and the antiferroelectric particles may be
subject to multiple blending and forming steps if desira-
ble. For example, the composition may first be extruded
and formed into pellets. The pellets may then be fed into
a molding machine where it may be formed into other
desirable shapes. Alternatively, the composition emanat-
ing from a single melt blender may be formed into sheets
or strands and subjected to post- �extrusion processes
such as annealing, uniaxial or biaxial orientation.
�[0058] Solution blending may also be used to manu-
facture the composition. The solution blending may also
use additional energy such as shear, compression, ul-
trasonic vibration, or the like to promote homogenization
of the particles with the polymeric material. In one em-
bodiment, a modified polymeric material suspended in a
fluid (e.g., a solvent) may be introduced into an ultrasonic
sonicator along with the antiferroelectric particles. The
mixture may be solution blended by bead milling followed
by sonication for a time period effective to break up and
disperse the antiferroelectric particles within the modified
polymeric material and the fluid. The modified polymeric
material along with the antiferroelectric particles may
then be dried, extruded and molded if desired. It is gen-
erally desirable for the fluid to swell the modified poly-
meric material during the process of sonication. Swelling
the modified polymeric material generally improves the
ability of the antiferroelectric particles to be impregnated

with the modified polymeric material during the solution
blending process and consequently improves dispersion.
�[0059] In another embodiment related to solution
blending, the antiferroelectric particles are sonicated to-
gether with modified polymeric material precursors. Mod-
ified polymeric material precursors are generally mono-
mers, dimers, trimers, or the like, which can be reacted
into polymeric materials. A fluid such as a solvent may
optionally be introduced into the sonicator with the anti-
ferroelectric particles and the modified polymeric mate-
rial precursors. The time period for the sonication is gen-
erally an amount effective to promote encapsulation of
the antiferroelectric particles by the polymeric material
precursors. After the encapsulation, the modified poly-
meric material precursor is then polymerized to form a
composition within which is dispersed the antiferroelec-
tric particles.
�[0060] Suitable examples of monomers that may be
used to facilitate this method of encapsulation and dis-
persion are those used in the synthesis of polymers such
as, but not limited to polyacetals, polyacrylics, polycar-
bonates, polystyrenes, polyesters, polyamides, polyami-
deimides, polyarylates, polyurethanes, polyarylsulfones,
polyethersulfones, polyarylene sulfides, polyvinyl chlo-
rides, polysulfones, polyetherimides, polytetrafluoroeth-
ylenes, polyetherketones, polyether etherketones, or the
like, or a combination comprising at least one of the fore-
going. In one embodiment, the mixture of modified poly-
meric material precursors, fluid and/or the particles is
sonicated for a period of about 1 minute to about 24 hours.
In another embodiment, the mixture is sonicated for a
period of greater than or equal to about 5 minutes. In
another embodiment, the mixture is sonicated for a pe-
riod of greater than or equal to about 10 minutes. In an-
other embodiment, the mixture is sonicated for a period
of greater than or equal to about 15 minutes. In one em-
bodiment, the mixture is sonicated for a period of less
than or equal to about 15 hours. In another embodiment,
the mixture is sonicated for a period of less than or equal
to about 10 hours. In another embodiment, the mixture
is sonicated for a period of and more preferably less than
or equal to about 5 hours.
�[0061] Solvents may optionally be used in the solution
blending of the composition. The solvent may be used
as a viscosity modifier, or to facilitate the dispersion
and/or suspension of particles. Liquid aprotic polar sol-
vents such as propylene carbonate, ethylene carbonate,
butyrolactone, acetonitrile, benzonitrile, nitromethane,
nitrobenzene, sulfolane, dimethylformamide, N-�methyl-
pyrrolidone (NMP), or the like, or a combination compris-
ing at least one of the foregoing solvents may be used.
Polar protic solvents such as water, methanol, ace-
tonitrile, nitromethane, ethanol, propanol, isopropanol,
butanol, or the like, or a combination comprising at least
one of the foregoing polar protic solvents may be used.
Other non-�polar solvents such as benzene, toluene,
methylene chloride, carbon tetrachloride, hexane, diethyl
ether, tetrahydrofuran, or the like, or a combination com-
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prising at least one of the foregoing solvents may also
be used if desired. Co-�solvents comprising at least one
aprotic polar solvent and at least one non-�polar solvent
may also be used. In one embodiment, the solvent is
xylene or n-�methylpyrrolidone.
�[0062] If a solvent is used, it may be utilized in an
amount of about 1 to about 90 wt %, of the total weight
of the composition. In one embodiment, if a solvent is
used, it may be utilized in an amount of about 2 to about
50 wt %, of the total weight of the composition. In yet
another embodiment, if a solvent is used, it may be uti-
lized in an amount of about 3 to about 30 wt %, of the
total weight of the composition. In yet another embodi-
ment, if a solvent is used, it may be utilized in an amount
of about 5 to about 20 wt %, of the total weight of the
composition. It is generally desirable to evaporate the
solvent before, during and/or after the blending of the
composition.
�[0063] After solution blending, the solution comprising
the desired composition can be cast, spin cast, dip coat-
ed, spray painted, brush painted and/or electrostatically
spray painted onto a desired substrate. The solution is
then dried leaving behind the composition on the surface.
In another embodiment, the solution comprising the de-
sired composition may be spun, compression molded,
injection molded or blow molded to form an article com-
prising the composition.
�[0064] Blending can be assisted using various second-
ary species such as dispersants, binders, modifiers, de-
tergents, and additives. Secondary species may also be
added to enhance one or more of the properties of the
composition. Blending can also be assisted by pre-�coat-
ing the particles with a thin layer of the polymeric material
or with a phase that is compatible with the modified pol-
ymeric material, such as, for example a silane layer or a
phosponic acid layer.
�[0065] In one embodiment, a composition comprising
the modified polymeric material and the antiferroelectric
particles in random orientations and locations may be
subjected to an electrical field in order to orient the anti-
ferroelectric particles. The application of the electrical
field can be conducted when the composition is in the
melt state or in a solution. Solidification can occur in the
presence of the electrical field. Upon being subjected to
the electrical field, the antiferroelectric particles can be
re-�aligned into preferred orientation. In one embodiment,
the electric field can be used to align these particles into
columnar structure so as to give rise to higher dielectric
constant. Fig. 2 illustrates electric field aligned antiferro-
electric particles, whereby the dielectric constant of the
composition is increased by at least 50%.
�[0066] A composition comprising a modified polymeric
material and the antiferroelectric particles in a low die-
lectric constant state has advantages over the modified
polymeric material alone. In one embodiment, the com-
position has a dielectric constant that is at least 10%
greater than a composition comprising polymeric mate-
rial alone. In another embodiment, the composition has

a dielectric constant that is at least 50% greater than the
polymeric material alone. In another embodiment, the
composition has a dielectric constant that is at least 100%
greater than the polymeric material alone.
�[0067] Upon applying an electrical field for converting
the antiferroelectric particles to ferroelectric particles, the
composition can have a dielectric constant that is at least
200% greater than the modified polymeric material alone.
In one embodiment, upon conversion, the composition
has a dielectric constant that is at least 300% greater
than a composition comprising polymeric material alone.
In another embodiment, upon conversion, the composi-
tion has a dielectric constant that is at least 400% greater
than the modified polymeric material alone. In another
embodiment, upon conversion, the composition has a
dielectric constant that is at least 500% greater than the
modified polymeric material alone.
�[0068] A composition comprising a modified polymeric
material and particles in a high dielectric constant state
(ferroelectric state) has further advantages over the mod-
ified polymeric material and particles in a low dielectric
constant state (antiferroelectric state). In one embodi-
ment, the composition has a dielectric constant that is at
least 50% greater than a composition comprising a mod-
ified polymeric material and particles in a low dielectric
constant state. In another embodiment, the composition
has a dielectric constant that is at least 100% greater
than the modified polymeric material and particles in a
low dielectric constant state. In another embodiment, the
composition has a dielectric constant that is at least 500%
greater than the modified polymeric material and parti-
cles in a low dielectric constant state.
�[0069] The composition also has a breakdown voltage
that is advantageously greater than the modified poly-
meric material alone. In one embodiment, the composi-
tion has a breakdown voltage that is at least 50 kilovolts/
millimeter. The breakdown is generally determined in
terms of the thickness of the composition. In another em-
bodiment, the composition has a breakdown voltage that
is at least 100 kilovolts/�millimeter. In another embodi-
ment, the composition has a breakdown voltage that is
at least 300 kilovolts/�millimeter.
�[0070] The composition also has a corona resistance
that is advantageously greater than the modified poly-
meric material alone. In one embodiment, the composi-
tion has a corona resistance that is resistant to a current
of about 1000 volts to 5000 volts applied for about 200
hours to about 2000 hours. In another embodiment, the
composition has a corona resistance that is resistant to
a current of about 1000 volts to 5000 volts applied for
about 250 hours to about 1000 hours. In yet another em-
bodiment, the composition has a corona resistance that
is resistant to a current of about 1000 volts to 5000 volts
applied for about 500 hours to about 900 hours.
�[0071] The composition has a dielectric constant
greater than or equal to about 3 when measured at fre-
quencies of about 1 to about 106 hertz (Hz). In one em-
bodiment, the composition has a dielectric constant
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greater than or equal to about 5 when measured at fre-
quencies of about 1 to about 106 hertz (Hz). In yet another
embodiment, the composition has a dielectric constant
greater than or equal to about 10 when measured at fre-
quencies of about 1 to about 106 hertz (Hz). In yet another
embodiment, the composition has a dielectric constant
greater than or equal to about 50 when measured at fre-
quencies of about 1 to about 106 hertz (Hz).
�[0072] It is desirable for the composition to have a glass
transition or softening point temperature of greater than
or equal to about 100°C. In one embodiment, it is desir-
able for the composition to have a glass transition or sof-
tening point temperature of greater than or equal to about
120°C. In another embodiment, it is desirable for com-
position to have a glass transition or softening point tem-
perature of greater than or equal to about 150°C. In yet
another embodiment, it is desirable for the composition
to have a glass transition or softening point temperature
of greater than or equal to about 180°C. In yet another
embodiment, it is desirable for the composition to have
a glass transition or softening point temperature of great-
er than or equal to about 200°C.
�[0073] It is also desirable for the nanoparticle filled
composition to have a permittivity of greater than or equal
to about 10. In one embodiment, it is desirable for the
composition to have a permittivity of greater than or equal
to about 20. In another embodiment, it is desirable for
the composition to have a permittivity of greater than or
equal to about 30. In yet another embodiment, it is de-
sirable for the composition to have a permittivity of greater
than or equal to about 50. In yet another embodiment, it
is desirable for the composition to have a permittivity of
greater than or equal to about 100.
�[0074] Referring to Fig. 3, shown is a graph displaying
the effect of BaTiO3 ferroelectric particles on the permit-
tivity of various high temperature polymers. As illustrated,
the permittivity of the polymer composite increases as
the volume percent of the ferroelectric particles in the
composite increases. The effectiveness of such an in-
crease in permittivity depends on the permittivity of the
matrix material. As shown in the plot, a composite com-
prising a matrix with a higher permittivity renders a higher
overall composite permittivity. For example, at 40% vol-
umetric loading of barium titanate, a composite based on
CR (with a permittivity of 19), would have a composite
permittivity of 80. Similarly, at 40% volumetric loading of
barium titanate, a composite based on PVDF (with a per-
mittivity of 11), would have a composite permittivity of
40. In comparison, a composite based on silicone (with
a permittivity of 2.7) would have a composite permittivity
of only 16.
�[0075] The tensile strength of the polymer composition
is one measure of the flexibility and ductility of the com-
position. It is desirable for the composition to have a ten-
sile strength of greater than or equal to about 3,000 psi.
In another embodiment, the composition has a tensile
strength greater than or equal to about 5,000 psi. In an-
other embodiment, the composition has a tensile strength

greater than or equal to about 7,000 psi. In yet another
embodiment, the composition has a tensile strength
greater than or equal to about 9,000 psi.
�[0076] The elongation of the composition is preferably
greater than or equal to about 2%. In one embodiment,
the elongation of the composition is greater than or equal
to about 4%. In another embodiment, the elongation of
the composition is greater than or equal to about 6%. In
yet another embodiment, the elongation of the composi-
tion is greater than or equal to about 8%.
�[0077] Compositions that comprise the nanoparticles
may also be optically transparent. In one embodiment,
the compositions have a transmissivity to visible light of
greater than or equal to about 70%. In another embodi-
ment, the compositions have a transmissivity to visible
light of greater than or equal to about 80%. In yet another
embodiment, the compositions have a transmissivity to
visible light of greater than or equal to about 90%. In yet
another embodiment, the compositions have a transmis-
sivity to visible light of greater than or equal to about 95%.
In yet another embodiment, the composition also has a
Class A surface finish when molded. Molded articles can
be manufactured by injection molding, blow molding,
compression molding, or the like, or a combination com-
prising at least one of the foregoing.
�[0078] The composition can advantageously be used
in energy storage and power conversion devices for ap-
plications including transient voltage clamping, ripple
voltage reduction and waveform correction in resonant
circuit. The composition can advantageously be used in
spark plug/ �ignitor capacitors, defibrillators, and X-�ray
generators. The compositions are especially useful in ca-
pacitors, including thin film capacitors, for a broad range
of applications such as power conversion, power condi-
tioning and pulsed power applications.
�[0079] The following examples, which are meant to be
exemplary, not limiting, illustrate compositions and meth-
ods of manufacturing of some of the various embodi-
ments described herein.

EXAMPLES

Example 1 - Formation of Modified Polymeric Material

�[0080] A modified polymeric material was formed from
polyvinylidene fluoride (PVDF) and cyanoethyl pullulan,
which are both commercially available. The PVDF and
cyanoethyl pullulan were melt mixed in a 50/50 ratio using
a bowl mixer. A homogeneous resin mixture was formed
after melt mixing at 220 degrees Celsius for more than
25 minutes under a screw rate of 90 rpm. The modified
polymeric material was then compression molded into a
film having a thickness in a range of between 20 and 150
micrometers. The dielectric constant and breakdown
strength of the film were then measured using a standard
dielectric testing set up.
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Example 2 - Effect of Antiferroelectric Particles on Die-
lectric Constant of Polymer Matrix

�[0081] An antiferroelectric lead zirconate powder was
milled in acetone using a paint shaker for 20 minutes.
The milled powder was dried and sieved through a 200-
mesh sieve. Two grams of cyanothyl pullulan (CRS) was
first dissolved in 10 ml of DMF solvent to form a CRS
solution. The nanosized antiferroelectric particles were
added to the CRS solution in an amount of about 20 vol%.
The CRS solution containing the particles was then
mixed using a high speed centrifugal mixer followed by
a high power sonication. The solution was then cast onto
a glass substrate under a clean hood. The solution was
dried until films were formed. The composition films were
subjected to dielectric constant tests at room temperature
at a frequency of 1 to 106 Hz using a dielectric analyzer
HP4285A manufactured by Hewlett Packard. The film
thickness was between 5 and 50 micrometers, which was
sputter coated with platinum. The platinum established
electrical contact with the electrodes of the dielectric an-
alyzer. The antiferroelectric particles increased the die-
lectric constant of the CRS polymers, as illustrated in Fig.
4.
�[0082] All ranges disclosed herein are inclusive of the
endpoints, and the endpoints are combinable with each
other. The terms "first," "second," and the like as used
herein do not denote any order, quantity, or importance,
but rather are used to distinguish one element from an-
other. The modifiers "about" and "about" used in connec-
tion with a quantity are inclusive of the stated value and
have the meaning dictated by the context (e.g., includes
the degree of error associated with measurement of the
particular quantity). The use of the terms "a" and "an"
and "the" and similar referents in the context of describing
the invention (especially in the context of the following
claims) are to be construed to cover both the singular
and the plural, unless otherwise indicated herein or clear-
ly contradicted by context.
�[0083] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the scope of the invention. Additionally,
while various embodiments of the invention have been
described, it is to be understood that aspects of the in-
vention may include only some of the described embod-
iments. Accordingly, the invention is not to be seen as
limited by the foregoing description, but is only limited by
the scope of the appended claims.
�[0084] For completeness, various aspects of the in-
vention are now set out in the following numbered claus-
es: �

1. A composition comprising:�

a modified polymeric material comprising:�

a high temperature polymer; and

a second polymer; and

a ceramic antiferroelectric particle;

wherein the composition has a permittivity greater
than or equal to about 10.

2. The composition of clause 1, wherein the high
temperature polymer is a thermoplastic polymer or
a thermosetting polymer.

3. The composition of clause 2, wherein the high
temperature polymer is a cellulosic cyano resin.

4. The composition of clause 1, wherein the high
temperature polymer has a glass transition or sof-
tening point temperature of greater than or equal to
about 120°C.

5. The composition of clause 1, wherein the second
polymer is a thermoplastic polymer or a thermoset-
ting polymer.

6. The composition of clause 5, wherein the second
polymer is cellulose triacetate.

7. The composition of clause 1, wherein the modified
polymeric material has a dielectric constant greater
than or equal to about 3.

8. The composition of clause 1, wherein the modified
polymeric material has a tensile strength greater
than or equal to about 2,000 psi.

9. The composition of clause 1, wherein the modified
polymeric material has a glass transition or softening
point temperature of greater than or equal to about
100°C.

10. The composition of clause 1, wherein the antif-
erroelectric particle in the antiferroelectric state has
a dielectric constant whose value is within 50% of
the value of the dielectric constant of the modified
polymeric material.

11. The composition of clause 1, wherein the antif-
erroelectric particle comprises a perovskite.

12. The composition of clause 1, wherein the antif-
erroelectric particle has the general formula (I) Pb
(M1, M2, M3, ... ) �O3 (I) where M1, M2, M3, are tran-
sition metals or rare earth metals, Pb is lead and O
is oxygen.
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13. The composition of clause 1, wherein the antif-
erroelectric particle comprises lead zirconium titan-
ate (PZT) having the formula (II): Pb�(ZrxTi1-x)�O3 (II)
where x is an amount of up to about 1.

14. The composition of clause 13, wherein x is an
amount of about 0.9 to about 1.

15. The composition of clause 1, wherein the antif-
erroelectric particle comprises PbHfO3, PbZrO3,
modified Pb�(ZrTi) �O3, PbLa�(ZrSnTi) �O3, PbNb �(ZrSn-
Ti) �O3, or a combination comprising at least one of
the foregoing antiferroelectric particles.

16. The composition of clause 1, wherein the antif-
erroelectric particle comprises lead lanthanum zir-
conium titanates (PLZT) having the formula (III):
Pb1-xLax�(ZryTi1-y)1-x/4O3 (III) where x and y is an
amount of up to about 1 respectively and wherein x
and y are independent of each other.

17. The composition of clause 16, wherein x is an
amount of up to about 0.3 and wherein y is an amount
of about 0.8 to about 1.

18. The composition of clause 1, wherein the antif-
erroelectric particle comprises lead scandium nio-
bates (PSN) having the formula (IV) or lead scan-
dium tantalate (PST) having the formula (V):
PbScxNb1-yO3 (IV) PbScxTa1-xO3 (V) where x is an
amount of up to about 1.

19. The composition of clause 1, wherein the antif-
erroelectric particle comprises lead scandium nio-
bium titanate (PSNT), lead lutetium niobium titanate
or (PLuNT).

20. The composition of clause 1, wherein the antif-
erroelectric particle is lead-�free.

21. The composition of clause 1, wherein the antif-
erroelectric particle comprises NaNbO3, (K, �Na)�(Nb,
Ta)�O3, KNbO3, BaZrO3, Na0.25K0.25Bi0.5TiO3, Ag
(Ta, �Nb)�O3, or Na0.5Bi0.5TiO3-- �K0.5Bi0.5TiO3--
BaTiO3.

22. An article comprising the composition of clause 1.

23. The article of clause 22, wherein the article is a
film.

24. The article of clause 22, wherein the article is a
capacitor.

25. A method of making a composition comprising:�

combining a high temperature polymer with a
second polymer to form a modified polymeric

material; and

combining the modified polymeric material with
antiferroelectric particles to form a composition;

wherein the composition has a permittivity greater
than or equal to about 10.

26. The method of clause 25, wherein the high tem-
perature polymer is a thermoplastic polymer or a
thermosetting polymer.

27. The method of clause 25, wherein the second
polymer is a thermoplastic polymer or a thermoset-
ting polymer.

28. The method of clause 25, wherein the modified
polymeric material has a ductility that is equal to or
higher than the ductility of the high temperature pol-
ymer.

29. The method of clause 25, further comprising: �

casting the composition.

30. The method of clause 25, further comprising
molding the composition.

31. The method of clause 30, wherein the molding
comprises injection molding.

32. The method of clause 25, further comprising: �

subjecting the composition to a biasing electric
field thereby changing the dielectric constant of
the composition.

33. The method of clause 32, wherein the biasing
electric field is about 100 kilovolts/�millimeter.

34. The method of clause 32, further comprising
heating the composition.

35. The method of clause 34, wherein the heating is
brought about by convection or radiation.

36. The method of clause 32, wherein changing the
dielectric constant of the composition comprises: �

converting the ceramic antiferroelectric particles
from a low dielectric constant state to a high di-
electric constant state.

37. The method of clause 32, wherein the subjecting
the electrical field to the composition produces a
higher dielectric constant for the composition.

38. An article manufactured by the method of clause
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39. The article of clause 38, wherein the article is a
film.

40. The article of clause 38, wherein the article is a
capacitor.

Claims

1. A composition comprising:�

a modified polymeric material comprising:�

a high temperature polymer; and
a second polymer; and
ceramic antiferroelectric particle;

wherein the composition has a permittivity greater
than or equal to about 10.

2. The composition of Claim 1, wherein the high tem-
perature polymer is a thermoplastic polymer or a
thermosetting polymer.

3. The composition of Claim 2, wherein the high tem-
perature polymer is a cellulosic cyano resin.

4. The composition of Claim 1 or Claim 2, wherein the
second polymer is a thermoplastic polymer or a ther-
mosetting polymer.

5. The composition of Claim 4, wherein the second pol-
ymer is cellulose triacetate.

6. The composition of any preceding claim, wherein the
modified polymeric material has a dielectric constant
greater than or equal to about 3.

7. The composition of any preceding claim, wherein the
antiferroelectric particle in the antiferroelectric state
has a dielectric constant whose value is within 50%
of the value of the dielectric constant of the modified
polymeric material.

8. The composition of Claim 1, wherein the antiferroe-
lectric particle comprises a perovskite.

9. The composition of Claim 1, wherein the antiferroe-
lectric particle has the general formula (I) PB�(M1, M2,
M3, ... )�O3 (I) where M1, M2, M3, are transition metals
or rare earth metals, Pb is lead and O is oxygen.

10. The composition of Claim 1, wherein the antiferroe-
lectric particle comprises lead zirconium titanate
(PZT) having the formula (II): Pb�(ZrxTi1-x)�O3 (II)
where x is an amount of up to about 1; or lead lan-

thanum zirconium titanates (PLZT) having the for-
mula (III): Pb1-xLax�(ZryTi1-y)1-x/4O3 (III) where x and
y is an amount of up to about 1 respectively and
wherein x and y are independent of each other; or
lead scandium niobates (PSN) having the formula
(IV) or lead scandium tantalate (PST) having the for-
mula (V): PbScxNb1-yO3 (IV) PbScxTa1-xO3 (V)
where x is an amount of up to about 1.

11. The composition of Claim 1, wherein the antiferroe-
lectric particle comprises PbHfO3 PbZrO3, modified
Pb �(ZrTi)�O3, PbLa�(ZrSnTi) �O3, PbNb �(ZrSnTi) �O3, or a
combination comprising at least one of the foregoing
antiferroelectric particles.

12. The composition of Claim 1, wherein the antiferroe-
lectric particle comprises lead scandium niobium ti-
tanate (PSNT), lead lutetium niobium titanate or
(PLuNT).

13. The composition of Claim 1, wherein the antiferroe-
lectric particle comprises NaNbO3, (K, �Na)�(Nb, �Ta)
O3, KNbO3, BaZrO3, Na0.25K0.25Bi0.5TiO3, Ag�(Ta,
Nb)�O3, or Na0.5Bi0.5TiO3-- �K0.5Bi0.5TiO3-- �BaTiO3.

14. A method of making a composition comprising: �

combining a high temperature polymer with a
second polymer to form a modified polymeric
material; and
combining the modified polymeric material with
antiferroelectric particles to form a composition;

wherein the composition has a permittivity greater
than or equal to about 10.

15. The method of Claim 14, wherein the biasing electric
field is about 100 kilovolts/ �millimeter.
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